This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents mil not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Europais hes Patentamt 
@ ^lll ^ Uf P ean Patent Office (J) Publication number: 0 066 298 

Office europeen des brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 82104836.0 © Int. a. 3 : H 01 H 33/02 

© Date of filing: 02.06.82 




© Priority: 03.06.81 JP 86240/81 

© Date of publication of application: 
08.1&82 Bulletin 82/49 

© Designated Contracting States: 
CH DE FR GB ft U NL SE 

© Applicant: Hitachi, Ltd. 
5-1, Marunouchl 1-chome 
Chiyoda-ku Tokyo 100(JP) 

© Inventor: Yamaguchi, Motoo 
2656-49, Kanesawacho 
Hitachi-shi(JP) 

@ Inventor: Sone^lsamu 
161-144, Ishinazakaeho 
Hitachi-shMJP) 



© Inventor: Hirasawa, Kunio 
13-22. Mizuki cho-2-chome 
Hitachi-shi(JP) 

© Inventor Yoshioka, Yoshio 
8-7, Hlgashlonumacho-4-chome 
Hftachi-shiUP) 

© Inventor: NIshikawa, AWo 
13-21, Omikacho-6-chome 
Hitachi-shltJP) 

© Inventor: Suzuki, Hiroshi 
161-21, Ishinazakaeho 
Hftachi-stii(JP) 

© Inventor: Sato,Mikio 
967, Ishinazakaeho 
Hitachi-shi(JP) 

© Inventor: Hosokawa, Masao 
1 8-21 , Suwaeho-4-chome 
Hitachi-shi(JP) 

© Representative: von Funer, Alexander, Dr. at al, 
Patentanwalte v. Funer, Ebbing haus. Ft nek 
Mariahilfplatz2&3 
D-8GOOMunchen90(DE) 



CM 
< 

CO 
0) 
CM 

CD 
CO 

o 



© SF6 gas insulating electric apparatus and process for producing the same. 

© A SF 8 gas Insulating electric apparatus usable as a circuit 
breaker, etc., containing a SF« gas insulator and a resin 
insulator, both of which insulators are present in an atmos- 
.phare lobe .exposed to arcs, characterized by making at least 
" r the "VBrtaoe* portiow^to''*tie exposed "to arcs xsi 'the itiiin 
insulator from a polymer containing nitrogen atoms or a 
potyolefin resin, and if necessary together with an inorganic 
filler powder, is excellent in both surface and inner arc 
resistance and can maintain breaking performance for a long 
period of time. 



FIG. I 
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SF. GAS INSULATING ELECTRIC APPARATUS 
AND PROCESS FOR PRODUCING THE SAME 
1 This invention relates to a* SF g gas insulating 

electric apparatus such as a SF g gas blast breaker and 
the like, and a process for producing the same. 

In circuit breakers, arcs generated at the 
5 time of circuit breaking are extinguished by using a 
gas having high insulating strength such as sulfur 
hexafluoride, SF g , etc. In such a case, an arc-extingui- 
shing nozzle made from a- resin insulator is decomposed 
by energy from the arc, which results in lowering 
0 properties such as breaking performance and voltage 
resistance. In order to remove such disadvantages as 
mentioned above, there is proposed in Japanese Patent 
Appln. KokoJcu (Post-Exam Pub In) No. 28639/78 a circuit 
breaker using as resin insulator a f luorocarbon resin 
mixed with a large amount of 10 to 80% by volume of an 
inorganic filler such as a metal, e.g., bronze, a 
metal oxide, e.g., silicon oxide, titanium oxide, 
aluminum oxide, etc., having a particle size of 3 to 
20 jim. Since a large amount of the inorganic filler 
is mixed in the resin insulator used in the breaker, 
the arc energy is extinguished to give good inner arc 
resistance. But according to experiments conducted 
by the present inventors, when an electric current of 
300 kv and 50 kA was broken one time by using such a 
circuit breaker, the fluorocarbon resin insulator 
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1 produced free carbon and did not show sufficient breaking 
performance. Further, the surface portion of the resin 
insulator exposed to an arc generated at the time of 
breaking lowered greatly its insulating properties 
5 and the insulating performance thereafter was lowered 
remarkably due to melting, flying and losing of the 
resin. In addition, there was another problem in 
mechanical strength due to poor adhesiveness between the 
inorganic filler and. the fluorocarbon resin. 
10 This invention provides a SF g gas insulating 

electric apparatus suitable for use as circuit breakers 
and containing a resin insulator excellent in surface 
arc resistance and inner arc resistance overcoming the 
disadvantages mentioned above, and a process for 

15 producing the same. 

In accordance with this invention, there is 
provided a SF g gas insulating electric apparatus 
containing a SF g gas insulator and a resin insulator, 
both of which are present in an atmosphere to be 

20 exposed to arcs, characterized in- that at least the 
surface portion to be exposed to arcs of said resin 
insulator is made from a polymer containing nitrogen 
atoms (hereinafter referred to as "nitrogen-containing - 
polymer") and a polyolefin resin, or make from a 

25 nitrogen-containing polymer, a polyolefin resin and 
an inorganic filler powder. 

In the attached drawings, Fig. 1 is a cross- 
sectional view of a SFg gas insulating breaker which is 
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one example of this invention and Fig. 2 is an enlarged 
cross-sectional view of one example of an arc- 
extinguishing nozzle used in the breaker of Fig. l. 

The present inventors have found that 
nitrogen-containing polymers such as polyimides, 
polyamides/ etc., remarkably improve surface arc 
resistance and inner arc resistance of polyolefin resins 
such as polyethylene, a fluorocarbon resin and further 
improve adhesiveness with the polyolefin resin and 
the inorganic filler powder, and accomplished this 
invention . 

As the nitrogen-containing polymers, there 
can be used, for example, addition type and condensation 
type polyimides, a polyamideimide, a polyetherimide, 
a polyesterimide, a polyimideisoindroquinazolinedione, 
a polyimidebenzimidazole, a polybenzimidazole, a 
polybenzpimidazoquinazolone, a polybenzoxazole, a 
polyimideoxazole, a polybenzthiazole, a polyquinazoline- 
* quinazolone, a polyquinoxaline, a polypyrrolone, a 
polyquinone, a polytriazine, a polytriazole, a 
polypyrazole, a polyquinazolinedione, a polybenzo- 
oxazinone, a polyquinazolone, a polyisoindroquina- 
zolinedione, a polyindolone, a polyindoloquinoxaline, 
a polybenzimidazoquinazoline, aliphatic polyamides, 
aromatic polyamides such as polyetheramide, polyester- 
amide, etc., a polyphenylhydrazide , a polyazome thine, 
a polyaldazine, a poly(Schiff base), a polythioquinazo- 
linediohe, a polytetraazopyrene , a polynaphthylidine , 
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, - o0 lYthiadiazole, a poiyisocyanurate , 
l a polyoxadiazole, a polythx zolldone , 
a poly oxazolidone, a polyisocyanurateoxa^o 

, , n<n a poly(parabanic acid), etc. 
a polyhydantoin, a poiy^P 

Th ese nitrogen-containing poly— can.be 
n mixture thereof. 

- ^-™« a tic polyamides. Most prere* 
polyi -ia« - ir ° mati ° iv L r y s are thos e fcavin, t « 
nitrog en-containin, p.«-» "° tha 
. Q=5+ - resistance compared wi" 

~ r.rr.r: l .... — ~ T - ■ 

. the addition to the polyolefin resin 
used, the addiw _,* ion of imide rings. 

_ after the formation ot 

to form imide rings. . tf 
In t ne case of usin, an inorganic filler 
hioh will be explained below. It is preferable 

a polyolefln r esin 

th ,t a poly(a*i= acid, 1. 
25 and an Inorganic filler powder, followe 

, £utth er effect!., .etnod in ^ ^ 
inorganic tiller powder is to coat the 
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1 powder particles with a polygamic acid) , to subject to 
heat treatment and to add a polyolefin resin thereto, 
or to add an inorganic filler powder coated with a 
poly(amic acid) to a polyolefin resin, followed by 
5 heat treatment. In this invention , the formation of 
imide rings after the addition to the polyolefin resin 
is preferable from the viewpoint of mechanical strength. 
When a polyimide resin is added to a polyolefin resin 
in the state of a precursor, poly(amic acid) , a powder 

10 of said precursor may directly be added to the 

polyolefin resin or a varnish obtained by dissolving 
the precursor in a solvent may be added to the polyolefin 
resin. Examples of such a solvent are phenols, 
cresols, toluene, xylene, dime thylsulf oxide / N- 

15 methyl-2-pyrrolidone, N,N-dimethylacetamide , 

dime thy Iformamide, etc. Further, in the case of 
coating the inorganic filler powder with a poly(amic acid), 
a varnish of poly(amic acid) is first prepared as 
mentioned above, and then is coated on the surfaces 

20 of the powder. 

As the polyolefin resin, there can be used 
a polyethylene, a polypropylene, an ethylene-propylene 
copolymer, a halogenated polyolefin such as a 
fluorocarbon resin. Examples of fluorocarbon 

25 resins nsahlp -in jtiris j±nasxrt£aa aac 3 nr=i ** -p^ lyfcesbra— 
f luoroethylene (PTFE) , a fluorine- terminated 
ethylene-propylene copolymer (FEP) , polyper f luoroalkoxy 
(PFA) , an ethylene-tetraf luoroethylene copolymer (ETFE) , 
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ethy lene copo ^ a . ^ ^ _ 

S ether copolymer' etc. 

b e used alone or as a mixture thereof. 

A5 the inorganic fill" — «• «»~ "» "* 
eeee any conventional flll«s «« 

terials *mon, them, those having high 
insulating materials. «m 9 Mrtla , or 

. ■ liaht screening properties, 

l0 thermal conductivity. Ugh- 

114* reflectance are effective. Examples of the 
"i r are glass fihers, graphite, bronse, molybdenum 
sulfide, silicon carhide. horon nitride, calcium 

-i - v barium sulfate, cailJW " 
fluoride, alumina,, clay, fcarium 

15 £ p Ude fihers. 

fihers, dlatomaceous earth, acid clay, . 
talc, heryllie, asbestos, horon fihers, various 

tal fihers, etc. Xhese fillers can he used alon^or 

„ Kereof These fillers are used in the 
as a mixture thereof. - x«« 
20 £orm o£ p owder preferahly having a particle sire of 

_ than 300 ^ ~ - e 7 usea 

screening properties, there can effectively 
. organic pigments such as carhon, ferric oxide 
(Fe o , , titanium oxide (HO,) , ultramarine, white 
25 iead,\inc oxide, chrome yellows, sine chromate, 

cadmium yellows, cadmium orange, . cadmium reds, oohalt 
ereen. iron oxide yellows, etc. 

• in this invention, irrespective of the 
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above-mentioned inorganic fillers, there can be used 
one. or more organic pigments such as ada-lake, 
naphthol green, naphthol yellow, permanent red, 
benzidine yellow, lithol red, lake red, scarlet, 
fast sky blue, Hansa yellow, permanent orange, 
permanent yellow, permanent bordeaux phthalocyanine 
green, phthalocyanine blue, rhodamine lake, bordeaux, 
watching red, benzidine orange, methyl violet, peacock 
blue lake, indanthrene blue, alizarin blue, quinacridone 
red, aniline black, etc., alone or as a mixture thereof. 

The nitrogen-containing polymer can be used 
in an amount of preferably 0.01 to 10 parts by 
weight, more preferably 0,1 to 10 parts by weight, 
the polyolefin resin can be used in an amount of 
preferably 0.1 to 10 parts by weight. When the ' 
inorganic filler powder is used, it can be used 
preferably in an amount of 0.1 to 20 parts by weight, 
more preferably 0.1 to 10 parts by weight ♦ The organic- 
pigment can be used preferably in an amount of 0.1 to 
10 parts by weight. 

Xn order to enhance- adhesive strength between 
the inorganic filler powder and the polyolefin resin 
or the nitrogen-containing polymer, there can be used 
one or more coupling agents. Examples of the coupling 
agents are silane series coupling agents such as 
epoxysilane, aminos! lane, vinylsilane, and the like, 
titanate series coupling agents such as alkoxy titanates, 
and the like, aluminum chelate series coupling agents, 
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. a l*oxy series coupling agents, and f luorosilieon. ■ 
1 "~ 3 " whe „ t he inorganic auer powder 

\ of The coupling agent can also be added to the 
5 thereof. The P ^ ^ 

resin or resins. In sue 

of the tesin can he conducted either before or after 

tb. addition. oftheSF «, a3 insulating electric 

One example of the 5F 6 g« 

l0 apparatus of 'this invention is shown in rig. 

" f. cro cticnal view of a S* 6 gas insulating 

is a cross se .-,..«» cas insulator, 

D rea*er, in which numeral 1 denotes a SF, gas 
^eral 2 denote, an arc-extinguishing no«le for 

L SF gas insulator to arcs (said nosrl. is 
"TZZ'Z «~ a fluorocarhon resin, , numeral 3 
1 " rTri f-d contact, numeral . denote, a moving 

an numeral S denote, a ga, compre„in, apparatus 
I Ling the SF, gas 1 to arcs, in this invention, 
tM words "the Portion to he exposed to arcs mean 
20 an arc-extinguishin, nossle. particuiariy its 

■ V ,„ . S F Sas insulating breaker as 
orifice portion, in a SF 6 g 

- , via I" which portion is very near to arc, 
shown in Fig. 1, « n ic v „i.,™iarlv 

merefore is particularly 
■ or ln contact with arcs and thereto 

req nired to have good arc resistance. 

25 word, "the surface portion- - as follows. That is, 

M de from a resin insulator comprising the above- 
Cloned nitrogen-containing polymer and polyolefin 
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1 resin or if necessary together with the inorganic filler 
powder. This means that the arc-extinguishing nozzle 2 
in the breaker of Fig. 1 is not always required to 
be produced from a special resin insulator comprising 

5 a nitrogen-containing polymer and a polyolefin resin, 
and if necessary an inorganic filler powder together 
therewith* Only the surface portion A which is exposed 
to arcs as shown in Fig. 2 should be made from such a 
special resin insulator. For example, the body of arc- 
10 extinguishing nozzle is made from an epoxy resin or a 
fluorocarbon resin and the surface portion thereof is 
coated- with a coating layer of such a special resin 
insulator* 

The formation of the coating layer can be 
15 carried out by the following methods: 

(1) A method of coating a mixed solution obtained 
by dispersing or dissolving a polyolefin resin and a 
nitrogen-containing polymer in water or an organic 
solvent on the surface portions of the main body of 

20 insulator such as an arc-extinguishing nozzle, said 
surface portions being exposed to arcs, followed by 
heat treatment thereof. 

(2) A method of preparing a mixed solution by 
dispersing or dissolving in water or an organic solvent 

25 a polyolefin resin and a conventional maleimide series 
resin composition (containing one or more diamines or 
polymerizable vinyl monomers, etc.) or a poly(amic acid) 
capable of forming imide rings as the nitrogen-containing 
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1 polymer in the same manner as mentioned in above (1) . 
coating the mixed solution on the surface portions to 
be exposed to arcs of the main body of insulator, and 
curing the resin by heat treatment. 
5 When an inorganic filler powder is used 

together, the following methods can be employed: 
(3) A method wherein the inorganic filler powder 

is added to the mixed solution obtained in either 
method (1) or (2) mentioned above. 
10 (4) & method of coating the surfaces of the 

inorganic filler powder particles with the nitrogen- 
containing polymer shown in the method <2> , if necessary 
heating the resulting powder particles, coating a 
mixed solution obtained by dispersing or dissolving 
15 the resulting powder- particles and an polyolef in 

resin in water or an organic solvent on the surface 
portions of the insulator main body to be exposed to 
arcs, followed by heat treatment. 

(5) a method of coating the polyolefin resin 

20 powder with a solution (varnish) of nitrogen-containing 
polymer obtained according to the method (2) , if 
necessary heating the resulting coated powder, 
• preparing a mixed solution by dispersing or dissolving 
the resulting resin powder and an inorganic filler 
25 powder in water or an organic solvent, and conducting 
coating and heat treatment in the same manner as 
described in the method (2). 

in addition, in the case of coating a resin 
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1 mixture, there can be employed a known fluidization 
dip coating method or the like. 

The molding of a mixture of a polyolefin 
resin and a nitrogen-containing polymer/ and if 
5 necessary an inorganic filler powder, can be carried 
out by a conventional, method. For example, when a 
fluorocarbon resin is used as polyolefin resin, it is 
general that a powdery resin mixture is preformed, 
followed by a heat treatment at a temperature of 
10 softening point under pressure or without pressure. 
Needless to say, it is also possible to employ an 
extrusion molding method, and the like. 

This invention is illustrated by way of the 
following Examples, in which all parts and percents 
15 are by weight unless otherwise specified. 

* 

Examples 1 to 23 , 

To 10 parts of boron nitride powder having 
an average particle size of 5 ym, a varnish of 

20 precursor of polyimide resin (concentration, about 
10%) or a polyamide resin, the kind and amount of 
which are shown in Table 1, was added and mixed. 
After treating the mixture with heating at 200°C for . 
2 hours, 100 parts of polytetraf luoroethylene (PTFE) 

25 was added thereto and mixed. After ^preforming the 
resulting resin mixture under an ordinary pressure 
molding method, the preformed resin was baked 
at about 370°C to give an arc-extinguishing nozzle 
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1 £or a gas insuiating breaker as shown i» 

C es»iting nossie was instaiiea in a circuit breaker 

as shown in Fig. 1. 

properties of the resulting breaker are 
5 shown in Tabie 2. Xn Tabie 2, the inner arc 

distance is evaiuatea by whether free carbon is 
enerate, or not <o no free carbon, . free carbon, 

at 300 kV and 50 kA. The 
after 10 breaking tests at 30Q 

ln suiating Performance is evaiuatea by a percent 
10 obtainea by aiviaing a value of aieieotrio strength 
slong the surface at the portion aeterioratea by the 
ar c after the breaking tests by that before the 
leaking tests. The ^chanicai strengbt is show, by 
s percelt basea on the strength of pure - 
1S n ossie wa S tage amount is evaiuatea by a percent • 
ob tainea by aiviaiug a bore aia»ater of the noss e 
a£t er the breaking tests by that before the breaking 

tests . 
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Example 24 q£ pTfE and 10 parts 

o£ .amis* c £ P— • «- P ^ Mnufacturea 
di o„e (concentration 10%. ^ ^ ^ „ as 

k neaoe= at 200 C for 2 h ^ ^ 

treated PTFE powder . ' arc-extin<,uishln 9 

powder «as — - mlJttu « end 

those of Example 10. 

15 Example 25 of PTFE/ 10 parts 

Using a mixture of 100 paEticle size , 

nitt ide powder having an average partx 
« horon nxtr.de P ^ ^ ^ ^ ayetage 

of 5 vm and 1 par arc - e xtinguishing nozzle 

. tnose of Example 13. nit rogen con- 

The resin insulator made fr 

* » oolyolefin resin, and if n 

25 taining polymer and P 1 ^ ^ ^ Qnly 

toge ther with an inorganic 1 ^ ^ 

in the portions exposed to arcs 

* to arc by reflection, 
indirectly exposed to arc y 
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1 The SP C gas insulating electric apparatus of 

6 

this invention can effectively be used as circuit brea- 
kers, particularly as breakers for higher breaking 
voltages. Particularly effective high voltage is 150 kV 
5 or higher. The SF g gas insulating electric apparatus 
of this invention can be used as a SP g gas insulating 
transformer or a spacer in gas insulated equipments. 
Further, when the apparatus of this invention is used 
as circuit breakers, concrete apparatus are explained 
10 in detail in, for example, U.S. Patent Nos. 3,621,171 
and 3,839,613. 
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1 WHAT IS CLAIMED IS: 

1# In a SF g gas insulating electric apparatus 

containing a SF g gas insulator and a resin insulator, 
both of which are present in an atmosphere to be exposed 

5 to arcs, the improvement wherein at least the surface 
portion to be exposed to arcs of said resin insulator 
is made from a polymer containing nitrogen atoms and a 
polyolefin resin. 

2. A SF 6 gas insulating electric apparatus 

10 according to Claim 1, wherein the polyolefin resin is 
a fiuorocarbon resin and the polymer containing nitrogen 
atoms is one having the same or higher heat resistance 
compared with the fiuorocarbon resin. 

3 . A S F 6 gas insulating electric apparatus according 
15 to Claim 1 or 2, wherein the- polymer containing nitrogen- 
atoms is a polyimide resin. 

4. In a SF 6 gas insulating electric apparatus 
containing a SF g gas insulator and a resin insulator, 
both of which are present in an atmosphere to be exposed 

20 to arcs, the improvement wherein at least the surface port J 
to be exposed to arcs of said resin insulator is made from 
a polymer containing nitrogen atoms, a polyolefin resin, 
■ an inorganic filler powder and/or an organic pigment. 

5. A SF 6 gas insulating electric apparatus accord- 

25 ing to Claim 4, wherein the resin insulator is made from 
a polyolefin resin and an inorganic filler powder coated 
with a polymer containing nitrogen atoms. 
.6. a SFg gas insulating electric apparatus accord- 
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1 ing to Claim 4 or 5, wherein the polyolefin resin is a 
fluorocarbon resin and the polymer containing nitrogen 
atoms is one having the same or higher heat resistance 
compared with the fluorocarbon resin. 

5 7. A SFg gas insulating electric apparatus accord- 

ing to Claim 4, wherein the resin insulator further 
contains an organic pigment. . 

8. In a SFg gas insulating breaker having a 

metallic case filled with a SF g gas insulator and installed 
lo therein 

(a) a pair of fixed contact and moving contact, 
which contacts can be opened or closed along the axis 
direction, 

(b) an apparatus for compressing the SF g 

15 gas insulator and operating in relation to opening and 
closing of said two contacts r and 

(c) an arc-extinguishing nozzle made from 

a resin and separating an orifice portion from the fixed 
arcing contact at the time of opening so as to lead the 

20 SFg gas insulator from said compressing apparatus men- 
tioned above through the orifice portion to the fixed 
contact side, 

the improvement wherein at least the surface 
portion of the arc-extinguishing nozzle to be exposed 

^ ^to .arcs is made JExom ~a xssin .-Insulator obtained .-from -a 
polymer containing nitrogen stoms and a polyolefin resin. 
9. A SFg gas insulating breaker according to 

Claim 8, wh.erein all of the arc extinguishing nozzle is 
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! made from a resin insulator obtained from a polymer 
containing nitrogen atoms and a polyolefin resin. 
1Q A S F 6 gas insulating breaker according to 

Claim 8 or 9, wherein the arc-extinguishing nozzle is 

5 made from a resin insulator obtained from a polyimide 
as. polymer containing nitrogen atoms and a polyolef xn 
resin. 

U A SF 6 gas insulating breaker according to 

Claim 8 or 9, wherein the arc-extinguishing nozzle is 
10 made fro a resin insulator obtained from a polyimide 

as polymer containing nitrogen atoms, a polyolefin resin 
' and an inorganic filler powder. 

12 A SF 6 gas insulating breaker according to 

Claim .or!, wherein the arc-extinguishin, nozzle is 
15 M de from a resin insulator obtained from a polyimide 

as polymer containing nitrogen atoms, a polyolefin resin, 
an inorganic filler powder and/or an organic pigment. 
u . In a process for producing » S* 6 gas insulating 

electric apparatus containing a SP 6 gas insulator and 
20 . resin insulator, both of which are present in an 

atmosphere to be exposed to arcs,- the improvement com- 
prising making at least the surface portion to be exposed 
to arcs cf said resin insulator by using a resin mixture 
comprising a poly(amic acid) capable of forming imide 
25 rings and a polyolefin resin, and heat treating the ream 
mixture to form imide rings. 

14 . in a process for producing a SP 6 gas insulating 

electric apparatus containing a SP 6 gas insulator and ■ 
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1 a resin insulator, both of which are present in an 
atmosphere to be exposed to arcs, the improvement com- 
prising making at least the surface portion to be exposed 
to arcs of said resin insulator by using a resin mixture 

5 comprising a poly(amic acid) capable of forming imide 
rings, a polyolefin resin, an inorganic filler powder, 
and/or an organic pigment, and heat treating the resin 
mixture to form imide rings. 
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